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Introduction: A brief survey of the literature
Recently, a fast growing body of literature is devoted to the investigation of the impact of the provision of pUblic capital, notable pUblic infrastructure, on the performance of the private sector of the economy. There are two good reasons that justify research efforts into this topic: since around 1975 in most OEeD countries a serious decline in the rates of growth in productivity has occurred which caused tremendous research efforts to uncover and explain this productivity slowdown. A series of recently presented papers make the neglect and low growth of pUblic infrastructure investment at least partially responsible for the productivity slowdown. A quite different motive for infrastructure research is to be found in the need to reconstruct the former East European countries. Apart from the poor equippment with pUblic infrastructure capital it is estimated that at least 60% -70% of their existing public infrastructure facilities ranging from roads to administrative buildings -are scrapped or completely outdated and need intensive reconstruction at tremendous cost. Thus, information on the contribution of public infrastructure capital to the performance of the private economy is necessary to support and direct the efficient allocation of public investment expenditures. In addition, the problem of the impact of alternative financing schemes on general economic conditions has to be addressed because' most countries face tough budgetary restrictions.
Up to the present, in the public finance literature there is a remarkable 'ignorance' with respect to the examination of the role of public goods 1 in the private production process whereas their role as consumption goods are extensively dealt with. Notable exceptions are the work of Arrow and Kurz (1970) , and Grossman and Lucas (1974) . In their investigation of optimal fiscal policy, the former include the benefits related to the provision of public capital both in the consumption function as well as in the private production function. The paper by Grossman and Lucas extends a standard IS-LM model taking into account that pUblic goods enhance private productivity. However, the role of public capital, or to be more precise, the services rendered thereof, has always been of central focus in the economic development literature under the heading , social overhead capital' where it is thought to be a 'conditio sine qua non' for economic development, see for example Arnold (1992) . Another line of literature in which public capital has been a constant research topic is the regional and urban science. within this field of economics, investment in public infrastructure is regarded as a vehicle to foster regional growth, see Biehl (1991) for a survey.
In the recently established applied infrastructure research two competing approaches have been proposed. One line of literature takes the 'production function approach' and regresses private input productivity measures or private output on the usual variables including among the regressors data on pUblic capital and check if the latter variable turns out significant. Ratner (1983) has probably been the first who examined such regressions using u. S. data. Within the same framework Aschauer, (1989a Aschauer, ( , 1989b estimated the productivity effects of pUblic consumption expenditures as well as of the military and non-military pUblic capital stock. In addition, he estimated rather ad-hoc specified equations for privat investment and the rate of return to private nonfinancial corporate capital in order to examine the crowding out hypothesis and the impact of pUblic capital on the demand for and the profitability of private investment. Aschauer' s evidence supports the idea that public non-military capital enhances private productivity and increases the rate of return to private capital and thus crowds in private capital. The latter aspect is also supported by a more recent study presented by Lynde (1992) . A competing line of research is constituted by the 'duality approach' which examines the impact of public capital on the private economy by estimating a generalized cost function introducing pUblic capital as a fixed unpaid production factor recovering its productivity effect by applying duality theory. The theoretical basis for this line of res~arch has been established by Diewert (1986) . The first empirical study that applied duality theory to measure the economic benefits associated with the provision of pUblic infrastructure, using a restricted profit rather than a cost function, has been presented by Deno (1988) . More recent empirical studies use restricted cost function to detect productivity effects of pUblic capital. Berndt and Hansson (1991) , using data for Sweden, Seitz (1991, 1992) , using German data, Morrisson and Schwartz (1992) , and Nadiri and Mamuenas (1991) for the U. S. present empirical evidence strongly supporting the productivity effect of public capital. However, negative results 2 are reported by Holtz-Eakin (1991) for the U. s.
Almost all of the above mentioned infrastructure studies focus their attention on two issues: The estimation of the shadow price of pUblic capital and the examination of the impact pUblic capital has on total factor productivi ty. The present study examines both aspects only briefly as they are well documented in the papers citied above. We direct our attention on the interrelationship between public capital and the demand for private inputs, especially private capital, shedding new light on the 'crowding out' hypothesis. In section II we use a generalized cost function to examine the impact pUblic capital has on private production cost and the demand for private inputs. Special attention is devoted to the effects of providing pUblic infrastructure capital on the demand for private capital incorporating financing considerations. section III introduces the econometric implementation of our model and comments on the data used for the present study; empirical results are presented in section IV. Finally, we summarize our conclusions, comment on the shortcomings of our empirical approach and outline prospects for further research.
2 The public capital hypothesis, crowding out and crowding in Consider the cost function (1) of industry j, j =l, .
• J:
(1) 'Vj=1,""J which results from the minimization of the private production cost C j Wj"L j + rj"K j subject to the production function Y j fj(Lj,Kj,t,G). Wj is the wage rate, r j is the user cost of private capital, Y j i~output and the time counter t represents technical change. Public capital, G, appears as an argument in the private cost function (1) as an unpaid 2 fixed input. Differ~ntiating (1) with respect to G yields the shadow price Sj associated with public capital:
aG Sj denotes the change in private production cost in industry j if the pUblic capital stock G is expanded by one additional unit. Differentiating equation (2) with fj,G denoting the marginal product of G and C y = BCjjaY j marginal cost. This relation provides a link between the 'production function approach' and the 'duality approach' and can be used to compare results derived from these quite different approaches. 3 Usually one expects that Sj~0, that means that an increase in the provision of public capital either leaves private cost unaffected (Sj = 0) or results in cost savings (Sj > 0). This expectation implies specific properties of the production function that is primal to the cost function (1) with respect to the sUbstitutionability andjor complementary of the various inputs: Applying Shephard's Lemma to the cost function (1) yields the cost minimizing conditional factor demand functions for private capital and labour, K*j and L*j:
using these conditional factor demand functions, production cost can be rewritten as: Let us examine the response of the demand for private capital to an increase in the provision of public capital in more detail. Totally differentiating the conditional demand function for private capital with respect to pUblic capital G yields a decomposition of the adjustment of the private capital stock caused by additional investment into pUblic capital:
From economic theory one would expect that K' j , w > 0, K' j , r < 0, K'j,Y> 05 and K'j,G > «) 0 for private capital to be complementary (substitutive) with public capital. Because dt/dG is as a matter of course zero the term K'j,t·(dt/dG) vanishes; K'j,t is < (» 0 as technical progress is capital saving (using). In deriving equation (6) we' assumed that the exogenous variables Z = w,r, Y depend on other exogenous variables x 1 ,x2' •. ' which we do not consider explicitly, and possibly also upon G, that is, Z = Z(xl,x2, •• ,G). dYj/dG shows how the output of industry j is directly affected by an increase in demand for government capital and K'j,y·CdYj/dG) is the associated response of the capital stock in industry j. This effect is probably strongest in the construction industry because about 80% of government investment outlays are in buildings and other construction, especially roads and bridges. We assume that there is no direct response of the wage rate in industry j, that is dWj/dG = o and direct our attention on the two remaining effects which are of far greater interest. drj/dG indicates the response of the user cost of private capital in industry j to an increase in government investment. The user cost of capital is given bYt see Jorgenson (1963) :6
cS j is the depreciation rate, PI j is the price index o,f private capital goods in industry j and R s is the interest rate. Assuming 6 j and PI j to be unaffected by government investment reduces the response of the user cost of capital to drj/dG = PI j . (dRs/dG) .
K'v denotes the partial derivative of the demand for private capital with respect to the variable v.
According to the standard neoclassical model (lump sum) tax financed government expenditures,leave the interest rate unaffected whereas deficit financed pUblic expenditures result in an increase in interest rates. 7 Thus the total effect K'j,r·PIj·(dRB/dG) is either zero -in the case of tax financing -or negative -in the case of deficit spending -in which case we get the usual 'crowding out' effect. Arguing within a standard IS-LM model with interest rate and income dependent private investment, increasing the pUblic capital stock either by tax or debt financing directly affects the private capital stock according to K'j,y·(dYj/dG). However, if this investment is deficit financed the positive response is at least partially offset by the crowding out ,effect which makes dKj/dG smaller in the case of deficit spending.
In order to concentrate on the core of the problem under dispute we surpress the potential effect of public investment on income, wage, technical progress and the price of private capital goods in which case equation-(6) boils down to:
The traditional pUblic economics literature considers only the first .effect, that is the possibility of private capital to be crowded out by additional deficit financed government investment. In the standard model of budget deficits, see Barro (1989) , a budget deficit leads to an increase in the rea~-interest rate which crowds out private investment resulting in a smaller stock of private productive capital. However, th~hypothesis is strongly challenged by the Ricardian equivalence theorem according to which tax payers anticipate future increases in taxes to pay for the public debt. Because the present value of the future tax payment equals the current budget deficit,o tax payers are indifferent about tax and deficit financing of current additional pUblic e~penditure. Consequently, present saving is adjusted regardless of the financing decision of the government and therefore the interest rate is unaffected by deficit spending. Barro (1989) in surveying the 7 Note that if dRB/dG > a the term K*drj/dG would have to be appended to equation (5), whicn is a direct cost increasing effect (affecting the existing capital stock), wher~as K'j,rdrj/dG is an indirect effect (affecting net lnvestment demand only).
empirical evidence concludes that most findings are in support of the Ricardian equivalence theorem, that is that government deficits leave interest rates unaffected. This result refers not only to the U. S. economy. Evans (1987) presents results with the same implications for the six largest OECD countries. The countries covered by Evans include also West Germany. We updated Evans' data and reestimated one of his equations and arrived at the same conclusions, that is, lack of empirical evidence on a positive correlation between government deficits and interest reates. 8 Despite the fact that the pUblic, politicans and many economists believe that budget deficits raise nominal interest rates, arguments in favour of this hypothesis are both on theoretical as well as on empirical reasons rather poor, that is dRB/dG is virtually zero.
Consequently, the effect of pUblic investment expenditures depend crucially on the question wether public capital is a substitute for or complementary to private capital. Tatom (1991) it -i t -1 = 1.695 UG t -0.651 UDt -0.138 UMt (2.1) (0.5) (1.7) (We use the notation of Evans). According to the crowding out hypothesis, the coefficient on the nominal budget -deficit variable, UDt, should be significantly positive, whereas we as well as Evans estimate an insignificant negative coefficient! consequently dKj/dG > o.
Even if the crowding out effect is working, that is additional pUblic investment expenditures raise interest rates,_dKj/dG can be positive if pUblic and private capital are complements and this complementary effect outweights the crowding out effect resulting in a net crowding in of private investment. Otherwise the crowding out effect would at least be partially compensated. However, if both types of capital are substitutes, dKj/dG is always negative in which case one might speak of a technologically induced crowding out of private capital.
A relation similar to (6) holds for the demand of labour:
From economic theory one would expect that L' j,w < 0, L' j,r > 0, K'j,Y> 0 and for private labour to be complementary (substitutive) with public capital we have L'j,G > «) o. The above dicussion with respect to the effect of pUblic capital on the demand for private capital also applies to the demand of labour and thus we need not repeat the arguments.
In order to reach final conclusions with respect to the impact debt or tax financed additional pUblic investment expenditures have on the economy one has" to turn to empirical research because it is rather speculative to say something a priori about the various effects involved, that means we have to derive an empirical equivalent to equations (6) and (8).
Data description and econometric specification
For estimation, we apply our econometric model to a panel of 31 2-digit industries 9 of the manufacturing sector of the~est German economy using annual data for the period 1970 -1989. In order to eliminate effects that might arise from the granting of subsidies and the payment of indirect taxes, we used real (at 1980 prices) net .value added instead of real gross value added to measure industry 9 These 31 industries cover the total manufacturing industry with the exception of the mineral oil refining industry. Due to profit transfer via transfer prices this industry has a negative net value added throughout most of the observation period.
output Y j . Labour input is measured by the total number of working hours of white and blue collar workers. The wage rate has been calculated by dividing the total wage bill by the total number of hours worked. The stock of private capital is measured by the total net capital stock, evaluated at 1980 prices. The user cost of private capital has been calculated using formula (7) stated above. R s is the interest rate (mid-year values) on bonds, PIj the price index for private investment goods and 8 j the depreciation rate. As a matter of course, all data -except R s -have been calculated industry-specific. 10 Next we turn to the pUblic capital stock data. 11 Table 1 Within the 'infrastructure literature' different concepts to measure public capital have been applied. Some researchers use the total stock of public capital, such as for example Nadiri and Mamuenas (1991) and Morrison and Schwartz (1992) , whereas others use the concept of the 'core infrastructure', which comprises public capital 10 We acknowledge support by Dr. Georg Erber, German Institute of Economic Research (DIW), Berlin, who kindly provided us with the data. For a detailed description of the data used in this study see Erber and Haid (1989) .
11 These data too have been provided by the DIW, which makes annual reports on the structure of government capital within the regular 'Strukturberichterstattung' (Report on the structure of the [German] Economy). capital in form of higways, airports, mass transit, electric and gas plants, telecommunications, water supply facilities and sewers, see 'for example Berndt and Hansson (1991) and seitz (1991, 1992) . Aschauer (1989a,b) examines the total military and nonmilitary public capital stock and Deno (1988) considers 3 different kinds of pUblic infrastructure simultaneously placing however severe zero restrictions on the parameter estimates to avoid multicollinearity problems. Seitz (1992) , in a study of the economic effects of the public road network, used physical data on the length of the motorway network measured in km. with respect to the quantification of pUblic capital data there is a remarkable difference between the 'new infrastructure research' and the infrastructure research in the area of regional economics. Whereas the former uses almost exclusively 'monetary' data the latter almost exclusively uses data measured physically such as the length of the motorway network or measures of accessibility of certain types .. of infrastructure, see for example the survey by Rietveld (1989) . We examine two different concepts of the pUblic capital stock: the total pUblic capital stock and a 'core infrastructure' capital stock derived by aggregating the components G s ' G 6 and G 7 documented in table 1. 12 To implement our model empirically we use a 'Generalized Leontief' cost function which can be considered to be an approximation to any arbitrary cost function. The 'Generalized Leontief' is a flexible functional form and permits, unlike the Cobb-Douglas function wich is usually chosen by researchers using the 'production function approach', both substitutive as well as complementary relations between the inputs involved, see for example Chambers (1988) . Thus we specify the cost function to be estimated as: 12 In an earlier version of this paper we examined the -eight different types of pUblic capital, G 1 , •• , G e , covered in table 1. However, the G i series are higply correlated which made the estimation of the cost function (1) with all capital categories included impossible because of multicollinearity problems. Meaningful estimates could only be derived at the expense of imposing rather severe zero restrictions on parameters. In order to cope with the mUlticollinearity problem we had to take a rather pragmatic approach, that is estimate the cost function (1) for each category of public capital seperately. The earlier version of this paper with results on the eight different categories of public capital is available upon request by the author. 
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For lac)c of space equations (3a' ) and (3b' ) are not cast into parametric forms; these can easily be recovered from (10). The cost function (10) together with the two input demand functions (3a') and (3b') are estimated using iterative seemingly unrelated regression. Befause we are dealing with a panel data set each equation is appended with industry specific dummies, that is, we estimate a system of equations with fixed effect, see for ex~mple Hsiao (1986) . YCj' j = 1, .. 31, is the industry j specific fixed effect in the cost function, OJ is a dummy variable taking on the value 1.0 in industry j and 0 otherwise. In order to ensure that both the labour as well as the capital demand equations with fixed effects can still be consistently derived from the cost function (10) the coefficients on the the variables Wj and rj' B wj and B rj , have to be specified industry specific. These parameters enter the factor demand equations as constant terms taking on the role of industry specific fixed effects. Thus our approach is close to that ta~en by Nadiri and Mamuenas (1991) , who use a cross section of 12 U. S. industries, and Morrison and Schwartz (1992) , who pooled data on the manufacturing industry of the 48 contiguous U. S. states. However, compared to most of the empirical studies, our cost function does not impose any a priori homogenity restrictions on the parameters of the cost function, especially the property of constant returns to scale. We will test for this assumption, that is examine whether the restrictions B wY = B ry = By = B Yt = B YG = 0 are jointly compatible with the data. We did not impose any zero restrictions on. the 13 parameters in any of our estimates; for both the total as well as the 'core infrastructure' pUblic capital stock the cost function as stated in equation (10) together with the two input demand functions have been estimated.
Before we turn to reporting our results a final question has to be addressed. Most researchers in the infrastructure literature incorporate the public capital stock data -lagged one period -in an adjusted form by multiplying the public capital stock data with the capacity utilization rate of the industry under consideration, see for example Berndt and Hansson (1991) . This practice is based on the argument that there is strong empirical evidence, see Nadiri and Mamuneas (1991) , that the intensity of the usage of pUblic capital by private fims varies systematically over the business-cycle. We used the pUblic capital stock data in both the unadjust~d form as well as the adjusted form, that is by multiplying the infrastructure data with the capacity utilization rate of the industry using both times the data on G with a one period lag. For lack of space we present results only for the capacity adjusted pUblic capital stock data because this model performed much better. However, in passing we will briefly state results derived from the model with the unadjusted data. 13
-.pirical Results
Table 2 presents the estimates derived using the total pUblic capital stock data; the results using the core infrastructure do not differ that dramatically and for lack of space we refrain from presenting these results. with the exception of B tG all of the estimated parameters are significant and the goodness-of-~it statistics 'are rather satisfactory if we take into account that we apply our model to a panel data set 14 • Table 2 also presents 13 The adjustment of the pUblic capital stock data with the industry specific capacity utilization rate gives more 'structure' to the pUblic capital data. In the unadjusted form, the data varies only over time whereas in the adjusted form we also have variation accross industries.
14 B tG is insignificant also in the model using the core infrastructure variable. However, in the model with the unadjusted data, B tG is significantly positive both in the model with the total as well as the core infrastructure pUblic capital stock. various specification tests 15 • The likelihood-ratio statistic LR D tests the significance of the assumed industry-specific fixedeffects. The test-statistic indicates strongly that the model with fixed-effects outperforms a corresponding model that does not include sector-specific dummies. In addition, we calculated the likelihood-ratio statistic L~which tests the model including the variable G against the model without the pUblic capital stock variable. with these test statistics we can assess the overall significance of the variable G. As the individual t-test statistics, L~supports the hypothesis that the pUblic infrastructure variable enters significantly the cost, labour demand and capital demand equation. Because some researchers impose the assumption of constant returns to scale whereas we did not impose this assumption, we calculated the likelihood-ratio test-statistics LR H which indicates a strong rejection of this hyphosesis. All tests performed equally well when using the core infrastructure public capital stock as well as the unadjusted pUblic capital stock data. Now we turn to the inspection of the economic implications of our estimates. The estimated average shadow price of the total pUblic capital stock is 0.00218 that means, increasing G by one DM decreases private cost by 0.00218 DM; for the core infrastructure variable the average shadow price has been estimated to be 0.00364. Public capital and private capital have been estimated to be complementary and pUblic capital and private labour to be substitutes which is in accordance to results reported throughout the literature, with the exception of Nadiri and Mamuenas (1991) . The average elasticity of the demand for private capital with respect to the total pUblic capital stock is~K,G = 0.3597 and for private labour~L,G = -0.1552. In the core infrastructure model the corresponding elasticities are:~K,G = 0.3613 and~L,G = -0.1376. Our estimates are far lower than those reported by other researchers, such as for example by Berndt and Hanson (1991) who estimate~K,G = 0.86 and~L,G = -0.60 using a 'core infrastructure' capinal stock variable.
We continue the economic interpretation of our results by taking a closer look at the effects of the provision of pUblic capital on the demand for private inputs. To examine the response of the demand for private capital to factor prices, output and public capital we have to cast equation (6) in our theoretical section into a form which makes it possible to assess the quantitative importance of the various effects involved empirically. This we achieve by differentiating (3a') with respect to time casting the resulting equation into elasticity form: (11) denoting the capital demand elasticities of the varies variables involved. An equation analogous to (11) can also be derived for the demand for labour which for lack of space we refrain from displaying.
Equation (11) is our empirical counterpart to equation (6) in section II. This equation decomposes the observed adjustment of the private capital stock into a wage, we, user cost of capital, r e , output, ye, pUblic capital, G e , and 'technical progress', t e , effect. casting equation (6) However, by examining the empirical estimates of the factor demand elasticities and the effects evaluated in equation (11) we are able to access the quantitative importance of the various -exogenous variables for the adjustment of private capital.
Figures 1 to 4 present the result using the total pUblic capital stock on the decomposition of the adjustment of the demand for private capital and labour as derived from equation (11). Table 3 presents summary statistics of the results obtained from using the total as well as the core infrastructure capital stock. The results differ only slightly and therefore we direct our attention on the effects of the total pUblic capital stock. , , , , , , , I " 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 solved equation (11) for t e . 16 First note, that both for labour as well as private capital the contribution of the provision of public capital, G e , is rather steadily decreasing, see figure 1 and 2, which is mostly due to decreasing growth rates of the pUblic capital stock. Changes in output are the most important determinants of the demand for private factors of production, see figure 3 and 4. The wage effect, we, both on private capital as well as labour is also steadily decreasing which might be due to growing legal restrictions associated with the hiring and firing of workers suggesting that labour, more than capital, might be a fixed factor in production. The user cost of capital effect, r e , is highly volatile accross the business cycle. Its mean absolute value is smaller than the average impact pUblic capital has on the demand for private capital and labour. In most years, the effects of changes in the user cost of capita~-which are mainly caused by changes in the interest rate and changes in the price of private capital goods -partially offset the positive effect public capital has on private capital formation. However, theoretical considerations (Ricardian equivalence theory) and the evidence collected by Evans (1987) , which has been verified by us, as well as the rather small impact the user cost of capital has on the demand for private investment suggests that there is little room for a crowding our effect to work. Figure 5 puts forward another interesting result which might be of practical importance: This figure shows the normalized -that is mean zero and standard deviation equal to one -values of the output, wage, capital cost and government capital effects on the demand for private capital. All effects, except: the government capital effect, are highly volatile over the business cycle whereas the government capital effect is rather smooth. This suggests that public investment has a 'stabilizing' or 'smoothing' effect on private investment; however this stabilizing effect has become steadily smaller due to low pUblic capital formation.
Finally, Table 4 summarizes industry specific estimates of output and pUblic capital elasticities on the demand for private capital and labour. The elasticities vary dramatically accross the different industries. The smallest effects of the provision of pUblic capital on the demand for private capital has been found in the road vehicle and in the mechanical engineering industry and the largest effect in the aircraft/spacecraft industry. with respect to labour in many I  I  ---I  I  I  ,  ,  I  ,  I  I  ,  I  ,  ,  ,  ,  I , 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 Figure 5 industries the impact of public capital has been estimated to be very small. The rather large differences of pUblic capital effects across industries suggest that pUblic investmest in not neutral with respect to the industry structure. The estimated marked differences of the impact of public infrastructure on the various sectors of the economy are in accordance with evidence reported in the infrastructure literature within the area of urban and regional economics, see for example Blum (1982) and Biehl (1986) .
Summary and Conclusions
This study investigated the impact of the provision of public capital on the demand for pr i vate...l capital and labour. In our theorectical discussion we examined the effects of debt vs. tax financing of pUblic investment by applying simple comparative statics on conditional factor demand functions arguing that the effect of additional public investment on private investment demand crucially depends on whether private and pUblic capital are substitutes or complements. We refered to the Ricardian equivalence theorem which raises arguments against a positive correlation between def icit financing and interest rates. Empir ical results presented in the literature in support of the Ricardian equivalence theorem as well as own estimates have been shortly dealt with. In the empirical section we presented evidence on the impact of pUblic capital on private production cost as well as on the demand for private factors of production. Our estimates revealed rather small price elasticities of the factor demand functions, leaving only small room for a crowding out effect to work, but rather strong effects of output and less stronger and decreasung effects of the provision of pUblic capital on private labour and capital. Private and public capital have been estimated to be complementary, that is pUblic capital crowds in private capital, and for pUblic capital and private labour a substitutive relation resulted. However, we found rather dramatic differences on the impact of pUblic capital on labour and capital demand accross the 31 2-digit which suggests that government capital formation has a considerable impact on the structure of the' private economy.
A severe drawback of the approach presented is that because of the lack of availability of data on material and energy usage in 2-digit industries, we could consider only two private inputs, namely capital and labour. A further methodical shortcoming is that we did not consider a potential simultaneity bias in our estimation because 24 one should expect that output and factor prices are not exogenous. However, the data set available to us covers only a small set of variables which makes the application of instrumental variables techniques rather problematic if one does not want to rely exclusively on lagged values of the variables in question. Thus, a more richer industry data set should be collected in which also other inputs, such as raw materials and enery, should are covered and which provides data on other industry specific variables to be used as instrumental variables.
Further research should be directed to incorporate the fact that firms pay for the provision of pUblic infrastructure facilities by taxes. Such an extension, both theoretically as well as empirically, could open new avenues for research on the impact of tax vs. deficit financing of public investment expenditures. Another promissing field for future research could be an improved measurement of pUblic intermediate inputs. Most researchers consider only the benefits related to the stock of public capital, but public output like private input is produced by combining labour, capital and intermediates. Thus, to measure the benefits related to pUblic services one would have to find a measure for public output and incorporate this measure into private cost or production functions which could probably be achieved by using hedonic pUblic output concepts.
